Emulsified water-in-oil (W/O) systems are extensively used in the oil industry for water control and acid stimulation. Emulsifiers are commonly utilized to emulsify a water-soluble material to form W/O emulsion. The selection of a particular surfactant for such jobs is critical and certainly expensive. In this work, the impact of surfactant structure on the stability of W/O emulsions is investigated using the hydrophilic-lipophilic balance (HLB) of the surfactant. Different commercial surfactants were evaluated for use as emulsifiers for W/O systems at high-temperature (up to 120 ∘ C) high-salinity (221,673 ppm) HTHS conditions. Diverse surfactants were examined including ethoxylates, polyethylene glycols, fluorinated surfactants, and amides. Both commercial Diesel and waste oil are used for the oleic phase to prepare the emulsified system. Waste oil has shown higher stability (less separation) in comparison with Diesel. This work has successfully identified stable emulsified W/O systems that can tolerate HTHS environments using HLB approach. Amine Acetate family shows higher stability in comparison with Glycol Ether family and at even lower concentration. New insights into structure-surfactant stability relationship, beyond the HLB approach, are provided for surfactant selection.
Introduction
Emulsions are broadly utilized in different industries such as pharmaceutical [1] , hydraulic fluids [2] , polymerization [3] , paints [4] , and food industries [5, 6] . Furthermore, emulsification technology has been extensively applied in the oilfields [7] [8] [9] [10] . Usually, the emulsion contains two or more partially or completely immiscible liquids [11] , where the dispersed phase exists as droplets suspended in the continuous phase. The interface between hydrophobic and hydrophilic molecules is intrinsically not stable [12] . When two immiscible liquids are stirred, the emulsion is formed [13, 14] . Emulsions are stabilized when a surfactant is added to a two-phase system due to the slowdown of emulsion breaking such as coalescences [15] . The interfacial tension is decreased with the adsorption of more surfactant at the interface, and consequently droplet coalescence is delayed [15, 16] . Stability of the emulsion is determined by different factors such as the nature of the interfacial film, continuous phase viscosity, oilwater-ratio, mixing time, and temperature [17] .
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Journal of Chemistry treatments [9, 20] . Also, it is used in well productivity enhancement via asphaltene deposition removal [21] drag reduction in multiphase flow [10] and for the control of excessive water production [8, 22] . Emulsification technique was introduced in the oil industry through the use of emulsified acids in 1933. Emulsified acids were invented to address corrosion problems rather than improving the stimulation job [23] . Thus, many researchers comprehensively studied this technique for further understanding of advantages and disadvantages of emulsified acids [20, [24] [25] [26] . Moreover, for emulsified acids, there are many reports on the effect of droplet size, water phase volume fraction, and the concentration of the emulsifier on their stability and rheology (see Al-Mutairi et al. [20] and references within). In addition to the well stimulation applications, a new application of emulsification technique in the oilfield is proposed recently as a method for water control with bullhead injection. In this case, the emulsion acts as a relative permeability modifier (RPM). The existence of RPM fluids is well known [27] [28] [29] [30] . In a patent, Stavland and Nilsson suggested an injection of the gelant (crosslinked polymer) as an emulsion for RPM field application [22] . In work by Stavland et al. [8] , an aqueous polymer gelant is emulsified into an oil and then injected as one component. Eventually, the solution separates into an oil phase and water phase upon reaching the reservoir. Afterward, the water phase gels up in a water-wet pathway of a pore space to reduce permeability to formation brine, and the oil phase remains mobile to secure a path for hydrocarbons to flow [8, 22] . The control of the gel fraction that occupies the porous media leads to the control of RPM, that is, the reduction in relative permeability of the hydrocarbons and formation brine; this is controlled by the water fraction in the emulsion [8] . In a recent publication, our group studied the gelation kinetics of emulsified PAM/PEI system using thermal analysis technique [31] .
Undoubtedly, the type of emulsion is critical for those applications. Therefore, the emulsifier, which will be employed to accomplish the emulsification, must be cautiously selected to meet the requirements of those settings, so a fair rate of success could be seized. Nowadays, the biggest difficulty with surfactants, at least from the standpoint of those who have to choose them, is the staggering numbers that are available. Each manufacturer tries to provide one or more of his products that are suitable for every need, which makes the selection process difficult. The large numbers of surfactants available, coupled with the fact that application problems are becoming increasingly difficult, is making the need for a suitable process for the selection of surfactants more and more critical. Selection of surfactants is important for many applications in the oil field such as EOR, stimulation, and water shut-off. Our group has recently conducted a detailed surfactant screening study for chemical EOR purposes [32] .
Forming stable emulsion is not straightforward routine. To emulsify two immiscible fluids, a particular emulsifier is necessary to form a specific type of emulsion. Consequently, selecting surfactant (emulsifier) to do the job is a critical subject, and it is certainly a very expensive exercise in terms of both cost and time. There is no systemic procedure in the oil industry for selecting a suitable emulsifying agent for a specific application. The industry mainly relies on the experience and service providers' recommendations. Too often, a series of time-consuming laboratory measurements, such as phase behaviour and interfacial/surface tension, are performed at reservoir condition to select surfactant for an application. Commonly, the selection of an emulsifier is based on (a) the surfactant solubility, (b) controllable separation time (thermal stability), and (c) acceptable environmental consideration for a particular region [8] . This technique is founded on Bancroft's rule, which is an empirical rule grounded on the surfactant solubility [33, 34] ; more details are given later. Interestingly, a more robust method such as hydrophobic-lipophilic balance (HLB), which is based on the surfactant chemical structure [35] [36] [37] , is rarely used in the oilfields at least from surfactant selection point of view. Hence, the objective herein is to relate the surfactant structure to its performance in an attempt to ease the process of selecting a surfactant for emulsified W/O emulsions for applications in high-temperature high-salinity (HTHS) conditions. The performance of the different commercial emulsifiers is evaluated and correlated to their HLB. The usage of both Bancroft's rule and HLB as a selection criterion is investigated. Furthermore, the effects of surfactant chemistry and concentration, temperature, oleic phase composition, and water phase salinity on the emulsion stability are studied.
Experimental
In this section, details about materials, equipment, experimental procedures, emulsion preparation, and characterization are detailed.
Materials.
The surfactants used in this study were supplied by Sigma-Aldrich5, AkzoNobel, and Capstone5 as presented in Table 1 . Sea water and brine formation are used as water phase. Water analysis is given in Table 2 . Diesel from local gas stations and refinery waste oil are used for the oleic phase. The Diesel is representative of the oil utilized in the field by the industry for preparing emulsified acids. All salts used in this study are ACS grade.
Equipment.
The emulsions were prepared in a highperformance dispersing instrument (Ultra-Turrax T 50 Basic) provided by VWR International. The homogenizer is equipped with a variable-speed drive with six different speeds in the range 500-10,000 rpm. All emulsions were prepared at room temperature at 2000 rpm mixing speed for 5 minutes. The mixing speed and time were selected following a separate investigation. A conductivity meter is provided by HACH (CDC401 model); the device can handle total dissolved solids in the range 0 to 50 mg⋅L −1 as NaCl. The meter is used to classify the emulsion type whether it is W/O or O/W. GL-18 high-temperature disposable test tubes and soda-lime-glass (18 × 180 mm) of approximate volume of 32 ml (operational temperature of 180 ∘ C) were used. The high-temperature tubes were sealed with a screw cap and a rubber seal case to prevent evaporation. The fact that no evaporation is taking place was assured by comparing the initial and final volumes of the sample at the end of the experiment. HAAKE FISONS hot oil bath Model N3 is used to study the emulsion separation (separated volume fraction of the phases versus time).
Experimental Setup and Procedure

Emulsion Preparation.
Several emulsions were prepared systemically to ensure the reproducibility of the results. All emulsions were prepared at room temperature at a fixed mixing speed for 5 minutes. Enough time was given for the emulsifier to mix thoroughly in the external phase. Then, a desired volume of the dispersed phase was slowly added to the continuous (external) phase. It is important to control the addition of the dispersed phase droplets throughout the mixing. It is reported that both the addition rate of the dispersed phase and mixing intensity govern the type of emulsion; a coarse emulsion will be the result of adding the dispersed phase to the continuous phase in one step without intensive mixing. However, a fine emulsion can be produced by adding the dispersed phase in atomized form coupled with intensive mixing [20, 38] .
Emulsion Characterization.
Two methods are used for the surfactant selection, namely, Bancroft's rule and HLB value of a surfactant. Different commercial surfactants with a broad range of properties are selected as shown in Table 1 . Conductivity and dilution tests are used simultaneously to identify the type of emulsions.
Bancroft's Rule. The nature of the emulsifying agent controls the emulsion type rather than the oil-water-ratio or the method of emulsion preparation [16, 17, 34] . Bancroft developed one of the first empirical rules to describe the nature of emulsion that could be stabilized by a given emulsifier [33] . The continuous phase is the phase in which an emulsifier is more soluble as stated by Bancroft's rule. Hence, O/W emulsions are formed by the addition of a water-soluble emulsifier. On the other hand, W/O emulsions are formed when an oil-soluble emulsifier is used [33, 34] .
Hydrophilic-Lipophilic Balance (HLB) Determination. HLB measures the degree to which a surfactant is hydrophilic or lipophilic. HLB offers an efficient way of picking the suitable surfactant for a specific application as suggested notably by Griffin [35, 36] . A scale of 0 to 20 is proposed. HLB value of 0 represents a completely lipophilic molecule, and a value of 20 accounts for a strongly hydrophilic molecule. The HLB values for W/O emulsifiers are in the range 3.5-6, while those of O/W are in the range 8-18. Wetting agents have HLB values in the range 7-9. Surfactant HLB value is determined by calculating the contributions of different constituents of the molecular structure (see Figure 1 ) as described by Griffin [35, 36] . Another method was suggested in 1957 by Davies [37] . It is based on the chemical groups of the molecule. This method considers the effect of strong and weak hydrophilic groups. However, it requires more information such as numbers of hydrophilic and lipophilic groups in the molecule and values of hydrophilic and lipophilic groups. Consequently, the value of HLB for a particular surfactant has been either provided by the supplier or calculated employing Griffin's method. Also, the weight ratio of the hydrophilic part to the hydrophobic (HLWR) is calculated as shown in Table 1 .
Conductivity Test. The type of emulsion has been determined by measuring its conductivity; this is a quantitative method based on the electrical proprieties of the emulsion water phase, which is highly conductive, whereas the oleic phase is nonconductive. It should be pointed out that the external phase dominates the emulsion's conductivity [20, 39, 40] 
Surfactant Screening
In this section, two methods for the surfactant screening will be examined: (i) Bancroft's rule empirical based and
(ii) HLB founded on the physiochemical properties of the surfactant.
Results and Discussion.
To investigate the validity of Bancroft's rule, emulsions were prepared using a number of surfactants with different solubility. Each surfactant was dissolved in sea water and Diesel at a time, wherein 2 vol% surfactant concentration was added to an external phase (28 vol%) and then mixed for a one minute at 500 rpm at room temperature. Afterward, the mixing speed was raised to 4000 rpm, and a dispersed phase was added to the solution of a surfactant and an external phase at a specific rate. Then the emulsions were characterized to identify the external and dispersed phases. The conductivity for each emulsion was measured periodically in parallel with the drop test in a span of one hour at room temperature (see Table 3 ), to make sure there was no inversion taking place. When surfactants in Table 3 dissolved in sea water and Diesel separately to form the emulsion's continuous phase, various trends were noted. For instance, Fluorosurfactant-1 and Glycolic Acid Ethoxylate-2 Ether were dissolved in the Diesel (oleic phase) to form W/O emulsion, as Bancroft's concept explicitly theorizes. However, the conductivity and dilution tests showed that produced emulsions were O/W as shown in Table 3 , which disagrees with Bancroft's rule. Conversely, Polyethylene Glycol-1 Ether did not dissolve in Diesel and formed O/W emulsion when dissolved in sea water, which is in complete agreement with Bancroft's rule. Furthermore, Ethylenediamine-Tetrol and Glycolic Acid Ethoxylate-3 Ether dissolved in Diesel and sea water equally, herein regardless in which phase the surfactants dissolved the resultant emulsions were O/W as in Table 3 . Therefore, Bancroft's method for surfactant screening is found inconclusive. Consequently, another approach is proposed for use as a selection tool, which is based on the HLB value for the surfactant.
HLB values were calculated for all surfactants and were used to understand the surfactant behaviour as given in Table 1 . The HLB values of most of the surfactants in Table 4 . The results of the conductivity and dilution tests (at ambient conditions) confirmed that the formed emulsions are in agreement with the predictions based on the HLB values. Thus, this approach is considered to be more reliable for surfactant selection.
Emulsion Thermal Stability.
To investigate the thermal stability of the formed emulsion, a sealed case of hightemperature test tubes was used, by monitoring the separated volume fraction of the oleic and water phases versus time at constant temperature. Such a test can indicate emulsion quality.
In this paper, the possibility of employing commercial surfactants as an alternative emulsifier in forming stable W/O emulsion for HTHS applications in the oilfields is investigated. From an operational point of view, the thermal stability of the emulsified system plays a major role in the success of the placement job. For instance, in emulsified acid, no separation inside well during the injection operation is essential to preventing well tubular's corrosion, such as high bottom-hole static temperature reservoirs (e.g., Thunder Horse 138 ∘ C (280 ∘ F) and Ursa 121 ∘ C (250 ∘ F) in Gulf Mexico). The time required for treatment placement is reported around one hour. Thus, the emulsified system must be stable for the time period [9] ; any separation will lead to well's metallicparts corrosion.
Similarly, designed separation time is necessary for the water shut-off applications. For emulsified polymer gel, it is desired to have a controllable separation and gelation time [8, 22, 31] . The time needed for polymer gel placement at hightemperature (≥ 130 ∘ C) high-salinity with high Mg 2+ and Ca
2+
contents was reported to be about 55 minutes [42, 43] and around one and a half hours for the emulsified gel at similar conditions of high-temperature of 123 ∘ C [8] . Consequently, the emulsified gel system should be stable for at least one hour. Deemulsification and gelation should start afterwards. It is preferred that the gelation starts after a complete separation; if not, a weak gel will develop. In case of partial or complete separation during treatment placement, the emulsified gelant will be exposed to high-temperature which will result in premature gelation inside the well tubular, which is highly undesirable [31] . For field applications, the high-temperature of the near wellbore area can be lowered using a preflush. Literature [41, 44] has shown that this method can reduce the temperature substantially; for example, the injection of 5,000 gallons of water can cool down the near well bore area from 150 ∘ C (302 ∘ F) to 116 ∘ C (240.8 ∘ F). Therefore, the thermal stability of all formed emulsions was investigated at 120 ∘ C. In these experiments, no polymer or acid was used in the water phase. This is mainly because the current focus is to develop a surfactant selection criterion, for high-temperature high-salinity conditions, which can be utilized later for emulsified systems. At this phase of the research, the impact of several factors such as surfactant chemistry, temperature, water phase salinity and water-oil-ratio is quite significant. Hence, the focus was on those parameters. It is reported in the literature that the water phase significantly affects the thermal stability and the type of the emulsion. Addition of acid and corrosion inhibitors resulted in a less stable emulsion and, in some cases, lead to emulsion inversion from O/W to W/O [20] . However, addition of the gelant to the water phase slightly affected the stability [8, 31] .
Moreover, an increase of salinity of the water phase from 5 to 20,000 ppm led to increase in the stability; increasing the salinity >20,000 ppm has significantly reduced the stability and resulted in emulsion inversion, and similar behaviour was noticed with water-oil ratio [39] . Since the emphasis of the manuscript is on the stability of the emulsion at salinity typical to those found in the oilfields, brine formation and sea water are used. Some of the surfactants screened in this study are successfully used to form stable emulsified PAM/PEI in a recent work by our group [31] .
The emulsion stability is presented by using phase changes diagram (volume fraction versus time). This graph illustrates the percentage of the phases at a given time.
Initially, the emulsion is within the sample "homogeneous phase" before it starts to break. The single-phase water and oleic phases at the outset are 0% as the separation is yet to start as shown in Figure 3(a) . However, macroemulsions are characteristically thermodynamically unstable; exposing the emulsion to a temperature over time leads to the separation of the emulsion. Then, the percentage of the water and the oleic phases increases as shown in Figures 3(b)-3(d) . The volume proportion of the separated oleic and water phases keeps changing until it reaches a plateau or the emulsion is entirely separated. In all emulsions studied herein, the total volume was 30 ml, 70% of which is the water phase, and the rest 30% is the oleic phase (the mixture of emulsifier and the Diesel). Diesel percentage is in the range of 24−29.5%, while the emulsifier percentage is in the range 0.5%-6%. All emulsions were prepared at room temperature at 2000 rpm mixing speed for 5 minutes. Then, the thermal stability was examined in bulk at 120 ∘ C (248 ∘ F) for 12 hours using the oil heating bath.
Effect of Surfactant Type and Concentration.
To study the influence of emulsifier type and concentration on the thermal stability, four surfactants were selected based on HLB criteria for W/O emulsions. Ethoxylated Amides-2, Amine Acetates-3, Polyethylene Glycol-2 Ether, and Polyethylene Glycol-3 Ether were used to emulsify the water phase, herein brine formation, into Diesel. To test the stability of the emulsion prepared using the surfactants mentioned above, each time three emulsions were prepared using one of the surfactants with different concentrations. The increase in the stability was noticed with the increase in the surfactant concentration. For instance, ∼70% separation was observed at 8 and 120 minutes when Ethoxylated Amides-2 increased from 1 to 3 vol% as shown Figure 4 , which signifies 93% (or a factor of 15) increase in the separation time. In the case where Amine Acetates-3 used 13% separation is noted at 2 and 330 minutes when the concentration increased from 0.2 to 0.5 vol% ( Figure 5 ). This indicates 99% increase in the separation time, while further increase in surfactant concentration (up to 1 vol%) did not result in a significant change. When Polyethylene Glycol-2 Ether was utilized, complete separation (100%) took place after 12, 22, and 109 minutes when used at 2, 4, and 6 vol%, respectively (see Figure 6) ; this represents 89% increase in the separation time (or a factor of 9.1). Also, ∼90% separation occurred at 1 and 88 minutes (99% increase), when Polyethylene Glycol-3 Ether concentration increased from 2 to 4 vol% (see Figure 7) . When comparing the performance of all the surfactants, three distinct trends were observed. Firstly, with a surfactant with a low concentration and high stability, the use of 0.5 vol% Amine Acetates-3 resulted in 13% separation at 330 minutes. Secondly, surfactants with a high concentration and a low stability, such as Polyethylene Glycol-2 Ether and Glycol-3 Ether, showed complete separation when both were used at a high concentration (∼6 vol%). Finally, a surfactant with a moderate concentration and good stability, Ethoxylated Amides-2, showed a 69% separation after 210 minutes when 3 vol% was used. Generally, with more surfactant adsorbed at the interface, more stability is achieved. Surfactant molecules reduce the interfacial tension and consequently retard droplets coalescence; this agrees with previous reports in the literature [16, 17, 41] . Moreover, surfactants with Amine functional group showed higher stability when compared to the Glycol Ether family group.
Effect of the Oleic Phase.
To investigate the effect of the oleic phase on the emulsion stability, two emulsion samples were prepared, one with Diesel and the other with refinery waste oil. The composition of the waste oil and detailed analysis is given elsewhere (see Figure 5 .1 of Sidaoui [45] ). The phase separated volume (in Figures 8(a)-8(c) ) is calculated as a percentage of the phase (i.e., emulsion, water, and oleic) total volume. For both samples, the water phase (formation brine) separation is almost identical as shown in Figure 8 (a). However, the oleic phase separation is different, when waste oil is used instead of Diesel to prepare the emulsion. After 210 minutes in the oil bath, the separated oleic phase decreased from 100% to 9% (91% decrease or a factor of 11) as shown in Figure 8 (b). Increase in the stability is noticed for the emulsion prepared with waste oil instead of Diesel with the separated volume decreased from 94% to 67% (28.7% decrease or a factor of 1.4) (see Figure 8(c) ). The use of waste oil resulted in more stable emulsion (less separation). This may be because waste oil has resins or asphaltenes, which are natural emulsifiers. Commonly, Diesel and kerosene are used in the oilfields because of availability [8, 21, 40] . This work highlights the possibility of using waste oil as an alternative oleic phase for emulsification purposes, which will result in a reduction of associated cost of using mineral oils.
Reflections on HLB and Emulsion Stability.
By definition, the HLB is a measure of the degree to which a surfactant is hydrophilic or lipophilic. Hence, authors reason that an ideal emulsifier has the hydrophilic part equivalent (equal) to lipophilic portion. This may allow for equal (balanced) distribution of the emulsifier in the water and the oleic phases, which may lead to a more stable emulsion. This hypothesis will be examined by correlating the emulsion stability to HLB and HLWR. It can be seen from Figure 9 that more stability of W/O emulsions is achieved at higher HLB and HLWR. For instance, when an emulsifier with HLB of 6.8 and HLWR of 34% (Amine Acetate-3) was used at a very low concentration of 0.5 vol%, the emulsion took 310 minutes to break down completely. While in the case of the emulsifier with HLB of 4 and HLWR which equals 20%, the separation time was 20 minutes, although a higher concentration (6 vol%) was used. Also, in Figure 9 , it has been noticed that the Polyethylene Glycol-3 Ether with HLB of 5 and HLWR of 25% formed more stable emulsion compared to Polyethylene Glycol-2 Ether with HLB of 4. By comparing the physiochemical properties of the two emulsifiers (see Table 1 ), the only difference is the H/C ratio which is higher in the case of Polyethylene Glycol-3 Ether (∼2.1 for Glycol-3 Ether versus 2.0 for Glycol-2 Ether); this indicates the presence of more unsaturation in the Glycol-2 Ether chain. Here we like to postulate that this behaviour is likely related to the C/H in the surfactant. Higher C/H indicates the presence of more unsaturation, which will influence the polarity and the surfactant may favour one phase (i.e., water or oleic) over the other. Keeping in mind that the water phase contains ions, the oleic phase may contain heavy hydrocarbon/acidic components. Most likely, the reduced stability is due to the unbalanced distribution of the emulsifier molecules between the two phases, because of the change in polarity. Furthermore, Amine Acetate-3 shows higher stability in comparison with Glycol Ether family and at a lower concentration. The dependency of the separation time to surfactant concentration at constant HLB value is correlated in the form of a linear relationship as follows:
where is the separation time, [ ] is the surfactant concentration, and and are constants. Herein, the intercept is thought to reflect the effect of the HLB as can be seen from Figure 9 ; the magnitude of changes as HLB value changes.
Although the constituting functional group for the Amine Acetate is distinct from the two Glycols (i.e., Glycol-2 Ether and Glycol-3 Ether), a trend between the HLB and the stability is evident; the separation time increases with increase in HLB value as shown in Figure 10 . The dependence of the separation time on HLB is correlated in linear form:
where is the separation time, HLB is the surfactant hydrophilic-lipophilic balance, and and are constants. When HLB increased from 4 to 6.8 at a constant concentration, the separation time increased from 19 to 379 minutes (95% increases).
Conclusions
Here are the main findings of this article:
(1) Hydrophilic-lipophilic balance is used as a criterion for surfactant selection and was found to work well for many surfactants of different structures. This approach is expected to reduce the time and resources needed for selection of emulsifiers. (2) The solubility of the surfactant has been postulated to play a vital role in the type of the formed emulsion. Bancroft's rule states "the phase in which an emulsifier is more soluble constitutes the continuous phase"; this argument was found to not necessarily hold true in all cases. For example, this work showed that when a set of surfactants were dissolved in Diesel W/O emulsions were expected to form as suggested by Bancroft's rule. However, the conductivity and dilution tests indicate that produced emulsions were O/W. To further investigate this observation, the same surfactants were dissolved in water; again, the type of the formed emulsion was O/W, which is not in agreement with Bancroft's rule.
(3) Surfactants with higher HLB values inside the recommended range for W/O emulsions resulted in more stable emulsions. A correlation is provided for the dependency of the emulsion thermal stability on HLB. For surfactants with similar structure and physical properties, this work shows that the surfactant with higher C/H ratio will likely form a less stable emulsion. The authors postulated that this result is probably due to the unbalanced distribution of surfactant because of the difference in polarity.
(4) Surfactants with Amine functional group were found to form more stable W/O emulsion when compared to the Glycol Ether family group.
(5) This work has identified a set of new cost effective emulsifiers, suitable for emulsified water phase (polymeric gels/acids) in the oleic phase. The formed W/O emulsion is very stable at HTHS conditions.
(6) The general trend is that the separation time increases with the increase in emulsifier concentration and vice versa. The increase in stability is likely due to the decrease in interfacial tension with the increase in emulsifier concentration and the consequent delay in the coalescence of the droplets.
(7) Oleic phase composition was found to affect the thermal stability. A higher emulsion stability is achieved when waste oil is used instead of Diesel to prepare the emulsion, and 91% decrease in the separated oleic phase is recorded when waste oil used instead of Diesel. This behaviour is suggested to be due to the presence of resins or asphaltenes, which are natural emulsifiers, in the waste oil. Usage of waste oil will result in minimizing the associated cost of using mineral oils for the emulsification application in oilfields.
(8) Further investigation is required to understand the effect of the water phase in case of adding materials such as polymer gel and acid loading on the W/O emulsion system.
In general, this work was successful in developing stable emulsified water-in-oil systems that can tolerate high-temperature high-salinity environments using scientific approaches. Also, HLB approach was used for surfactant selection, and new insights into structure-emulsion stability relationships beyond the HLB approach were provided. The findings of this work would open more avenues for future research.
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